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Compositions And Methods For Visual 
ribonuclease detection assays 



This application claims the benefit under 35 U.S.C. § 1 1 9(e) of U.S. 
5 Provisional Application No. 60/236,640 filed September 29, 2000, which is incorporated by 
reference herein in its entirety. 

1. INTRODUCTTON 

The present invention relates to mefliods for detecting the presence of 
ribonuclease enzymes, more specifically to methods that provide for a visual detection 
assay. The present invention fiirther provides novel nucleic acid compositions used as 
substrates for such assays and encompasses kits for performing the methods of the 
invention. 

20 2. BACKGROUND OF THE INVENTION 

Ribonuclease (RNase) enzymes degrade polymeric ribonucleic acids (RNA) 
into shorter fragments or component nucleotides. All organisms produce ribonucleases and 
2 J these enzymes are found in most environments. The properties of a number of 
ribonucleases are described by D'Alessio and Riordan (1997. As a group, most 
ribonucleases are specific for single-stranded RNA and will not cleave RNA in duplex 
form. Further, ribonucleases generally cleave at the 3 '-end of a ribonucleic acid 

30 

phosphodiester linkage. Many different RNase enzymes exist, some of which have little or 
no substrate preference while others are sequence specific. For example, ribonuclease I, 
from E. colt, is a non-specific endoribonuclease that degrades RNA by cleavage at any base. 
35 Ribonuclease A, from mammalian pancreas, is a base-specific endoribonuclease that 

degrades RNA by cleavage following a pyrimidine (uridine or cytosine) base. Ribonuclease 
Tl, from Aspergillus oryzae, is a base-specific endoribonuclease that degrades RNA by 
cleavage following a guanosine residue. These three RNase enzymes are noteworthy in that 
they are routinely employed in standard molecular biology protocols to remove unwanted 
RNA from samples or as a component in certain assay procedures. 

Single-strand specific RNases are the primary nuclease activity encountered 
in research laboratories as an unwanted contaminant. Double-sfrand specific RNases have 
been described, however these are rare and not routinely found in most laboratory settings. 
RNase H cleaves RNA only when complexed as a heteroduplex with DNA and is not of 
concern as a laboratory contaminant. 
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diethylpyrocarbonate (Sambrook et al loso'k t„ ^ . 

^« , • . In spite of such attention RNase 

encounter 

25 Many methods have been devised atten^ting to measure RNase aotivitv 

RNase assays can be grossly divided into methods that detect dea^a.,0!^^. 

3„ r — ^^^^ 

^ectrophotometric and coio^etHc teadouts, chtomogeni/cC^^:^:":' 

35 fl"»'««encepola„zation. and fluorescence ,„«,ching methods. 

Choice of detection method will affect assay sensitivitv . 

could be too sensitive and might "fail" reap.„tc ti, . ^ Conversely, an assay 

oon.amina.edandwou.d.herellrr.:^^""'''"'"''™-"-- 

is ideal fora.ergl~:^"„l"*T''°""''*''~'*^^^^ 

.0-.00pg,m,Jge(^3cal~"Z'T''''™''*'°°"^'''"='"'^' 
r» * J, . . i^<"aiog, lyyy;. Since such an assay would be u«!*v» 

repeatedly, .t .s also desi.ble that ^ method be rapid and ea,y to' perfo^I'Cerably. 
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such an assay could be done at the site of suspected contamination and offer a rapid visual 
readout. 

The original unit definition of ribonuclease activity is based upon the method 
of Kunitz (1946) which employs a spectrophotometric assay to measure the decrease in 
absorbance at 300 nm that occurs with degradation of heterogeneous RNA. While the 
method has been improved (Oshima, 1976), it is insensitive and therefore of little use as a 
quality control (QC) assay. 

Another method to detect RNase activity involves separation and assay of 
component enzyme activities within a sample using polyacrylamide gel electrophoresis 
(Wilson, 1969). RNase enzymes can be detected in the acrylamide matrix by direct staining 
or by incubation with a heterogeneous substrate RNA and an RNA staining dye, such as 
toluidine blue. While conceptually simple, this approach is time-consuming and relatively 
insensitive, having a lower limit of detection of about 1 unit of RNase I. In an improvement 
of this technique, Karpetsky (1980) describes a polynucleotide/polyacrylamide-gel 
electrophoresis method that improves sensitivity to below 100 pg of RNase A. However, 
even the improved method remains slow and cumbersome and is better suited to the 
analysis of ribonuclease activities in biologic specimens than to the QC of laboratory 
reagents. 

Another approach to detect RNase activity is described by Egly and Kempf 
(1976). This procedure detects release of soluble ^^^lodine-labeled RNA fi-om an insoluble 
RNA-agarose matrix in the presence of ribonuclease. The method is capable of detecting 
the presence of RNase A at levels as low as 0.01 pg/ml and is actually too sensitive for use 
as a routine QC assay. Furthermore, this method employs a hazardous radioactive isotope 
as reporter that is not desirable for use in most laboratory or industrial settings. 

Another approach to detect RNase activity is described by Wagner (1983). 
RNA forms a complex with Pyronine-Y that has an optical absorbance maximum at 572 
nm. Degradation of high molecular weight RNA by ribonuclease activity results in loss of 
absorbance at 572 nm in a linear and quantitative fashion. The method, however, is only 
capable of detecting about 2 ng/ml RNase A in a test sample and has insufficient sensitivity 
for use as a QC assay. 

Another approach to detect RNase activity was described by Greiner- 
Stoeffele (1996). The dye methylene blue intercalates into high molecular weight 
ribonucleic acid forming a dye-RNA complex. Upon degradation by ribonuclease action, 
methylene blue is released and absorbance at 688 nm decreases. This method, however, is 
also relatively insensitive and can detect ribonuclease activity only down to about 25 ng/ml, 
which isinadequate for use as a QC assay. 
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Another approach to detect RNase activity is described by Kam (1979). 
Ribonuclease A-mediated cleavage of a synthetic ribonucleotide dimer substrate was 
detected by a cascade of enzymatic reactions involving adenosine deaminase, nucleoside 
phosphorylase, and xanthine oxidase that ultimately forms a detectable blue tetrazolium 
5 salt. The method can detect the presence of 0.066 units of RNase A (about 100 ng), 
insufficient for use as a QC assay. Furthermore, the procedure is lengthy, complex and 
requires modification to detect the presence of ribonucleases other than RNase A. 

Another approach to detect RNase activity is described by Witmer (1991). A 
synthetic ribonucleotide substrate, U-3'-BCIP, was synthesized that releases a reporter 
group in the presence of RNase A that could be detected spectrophotometrically by 
absorbance at 650 nm. While this chromogenic method is simple to use, it is insensitive 
and is better suited for applications such as the in vivo bacterial colony assays taught by 
Witmer than for use as a reagent QC assay. 

Fluorescence-quenching detection is used in many applications in the 
20 biological sciences; representative examples include methods to detect proteolytic enzyme 
activity (Yaron, 1979), methods to detect DNA restriction endonuclease activity (Ghosh, 
1994), methods to detect the 5'-nuclease activity of DNA polymerase (Gelfand, 1993), 
2^ methods to detect nucleic acid sequence identity (Gelfand, 1993; Tyagi, 1999; Livak, 1999; 
Nazarenko, 1999; Nadeau, 1999), and methods to detect bimolecular protein interactions in 
an immunoassay (Maggio, 1980). A synthetic oligoribonucleotide having a Fam reporter 
group and a Tamra quencher group has been used as a FRET probe to detect hammerhead 
ribozyme activity (Hanne, 1998). Fluorescence Resonance Energy Transfer (FRET) and 
fluorescence quenching methods are reviewed by Morrison (1992). 

Zelenko (1994) describes synthesis of a dinucleotide substrate uridylyl-3'5'- 
35 deoxyadenosine that is conjugated to a fluorophore (O-aminobenzoic acid) on one end and a 
fluorescence quencher (2,4-nitroaniline) on the opposite end of the molecule. Cleavage by 
■ RNase A separates the fluorophore and quencher, leading to a detectable increase in 

fluorescence. The substrate was designed specifically for use in kinetic studies of RNase A 
activity and will react only with the subset of ribonuclease enzymes that cleave at a uracil 
residue. Having a limited spectrum of sensitivity, this reagent is not suitable for use as a 
single substrate in an RNase QC assay. 

James (1998) describe an alternative substrate for kinetic studies of RNase A 
in which a 9-mer chimeric oligonucleotide that contains a single ribonucleotide uracil base 
flanked by deoxyadenosine residues was modified with a 5' fluorescein reporter group and a 
3' rhodamine quencher group. The utility of the substrate is limited in that it can detect only 
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those ribonucleases that cleave at a uracil residue: Further, assay results must be detected 
using a fluorometer due to background fluorescence of the rhodamine quencher group. 

Kelemen (1999) describes a similar substrate having somewhat greater 
sensitivity measxiring RNase A kinetics with the following composition: SEQID.NO:2: 5' 

5 Fluorescein- AuAA-Tamra 3\ Like the James reagent, the Kelemen substrate is limited to 
detecting ribonucleases that cleave at a uracil residue and requires the use of a fluorometer. 

James (1998) and Kelemen (1999), therefore, have described use of 
fluorescent-labeled oligonucleotide probes with FRET/quenching to study the catalytic 
properties of RNase A. Both compositions are chimeric DNA-RNA oligonucleotides that 
contain a single internal uridine base, use a fluorescein dye as reporter group, and use a 
quencher group that is a fluorophore that itself emits light in the visible spectrum, so 
methods that use these substrates require availability of a fluorometer for detection. These s 
probes were optimized for kinetic studies of RNase A and cannot be used to detect the 
presence of RNase enzymes that do not cleave at a uridine residue. In addition, both 

20 compositions include DNA residues, which are subject to cleavage by DNase enzymes, so 
cleavage is not RNase specific. They are, therefore, not useful as a tool to assay for the 
presence of contaminating RNase activity. 

Burke (1998) describes a method that utilizes fluorescence polarization 
detection techniques to measure cleavage of short, synthetic nucleic acid probes. A 
commercial kit for performing RNase detection of Burke is available (Pan Vera Catalog, 
2000). Wilson (2000) describes a variant of this technique that examines real-time 
degradation of a long, synthetic RNA species (made by in vitro transcription) using 
fluorescence anisotropy. The fluorescence polarization-based techniques that must be 
employed, however, cannot be performed without a specialized fluorescence polarization 

35 fluorometer, which is not available in most laboratories. 

Another conmiercial kit for the detection of RNase activity measures the 
release of soluble fluorescent dye from a precipitated (i.e., insoluble) fluorescent RNA 
substrate (PanVera Catalog, 2000). This method is less sensitive than the fluorescence 
polarization method and also requires availability of a fluorometer, thereby limiting the 
utility of the assay. 

A commercial kit is available that uses a biotin-labeled RNA substrate 
immobilized on dipsticks to test for the presence of RNase activity (Ambion Catalog, 1999). 
Detection is achieved using a visual colorimetric method. In the absence of RNase, the 
substrate remains intact and the colorimetric assay develops a blue spot on the dipstick 
while in the presence of RNase the label is cleaved and no color develops. This assay is 
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labor intensive, takes over 3 hours to perform, and is not well suited for high-throughput 
QC use. 

Another commercial RNase detection kit employs gel electrophoresis to 
visualize degradation of a high molecular weight RNA in the presence of ribonuclease 
5 activity (Mo Bio, Web Catalog, 2000). The method is a multi-step, labor intensive protocol 
that is very expensive, making it imsuitable for routine QC use. 

It is apparent from the above discussion that, while progress has been made 
in methodology to detect ribonuclease activity, existing assays have significant limitations. 
None are suitable for use as a universal ribonuclease detection system (i.e., a QC assay). A 
ribonuclease detection method suitable for use in a QC assay should meet the following 7 
criteria: 

^ ^ 1 ) The assay will be highly sensitive. f 

2) The assay will be highly specific. 

3) The assay will detect a broad spectrum of ribonuclease activities. 

20 4) The assay reagent(s) will be inexpensive and suitable for commercial 

manufacture. 

5) The assay method will be both simple and rapid. 

6) The assay method will allow for visual detection and will not require the use of 
25 ^ 

highly specialized equipment. 

7) The assay will not employ any hazardous compounds. 

Clearly new methods, or improvements in earlier methods, are needed. In 
particular, a need exists for an RNase assay that is rapid, sensitive, within the desired range 
and allows for visual detection. 

35 3. SUMMARY OF THE INVENTION 

The present invention describes novel nucleic acid compositions and 
methods for a fluorescence-quenching based assay of ribonuclease activity that overcomes 
the deficiencies of earlier teachings and is suitable for use as a research or industrial quality 
control assay. The method is highly sensitive, highly specific, capable of detecting a broad 
spectrum of ribonuclease enzymes, employs reagents that can be manufactured using 
commercial reagents, is rapid and easy to perform, does not use any hazardous reagents, and 
can be performed without any specialized equipment. Further, the method provides for a 
visual assay format. The visual assay is sensitive to 10 pg/ml RNase A, a level that is 
suitable for use as a QC assay. Surprisingly, sensitivity of the visual assay is comparable to 
that of existing commercial assays which require use of a fluorometer for detection. 
Compositions of the invention C3n also be used with fluorometric detection and are 
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compatible with automated high-throughput robotic systems as are commonly employed in 
industrial settings. 

The present invention further relates to novel nucleic acid compositions 
useful in the practice of such techniques and, still further, to kits for performing the method 

5 of the invention. 

The present invention relates to methods for detecting ribonuclease activity 
in a sample, comprising: 1) incubating a of a synthetic Substrate or mixture of Substrates in 
the sample, for a time sufficient for cleavage of the Substrates(s) by a ribonuclease enzyme, 
wherein said Substrate(s) comprises a single-stranded nucleic acid molecule containing at 
least one ribonucleotide residue at an internal position that functions as a cleavage site, a 
fluorescence reporter group on one side of the cleavage sites, and a fluorescence-quenching 
group on the other side of the cleavage site, and 2) visual detection of a fluorescence signal, ? 
wherein detection of a fluorescence signal indicates that a ribonuclease cleavage event has 
occurred, and, therefore, the sample contains ribonuclease activity. The compositions of the 

20 invention are also compatible with other detection modahties (e.g., fluorometry). 

The Substrate oligonucleotide of the invention comprises a fluorescent 
reporter group and a quencher group in such physical proximity that the fluorescence signal 

2^ from the reporter group is suppressed by the quencher group. Cleavage of the Substrate 
with a ribonuclease enzyme leads to strand cleavage and physical separation of the reporter 
group from the quencher group. Separation of reporter and quencher eliminates quenching, 
resulting in an increase in fluorescence emission from the reporter group. When the 
quencher is a so-called "dark quencher", the resulting fluorescence signal can be detected by 
direct visual inspection . Cleavage of the Substrate compositions described in the present 
invention can also be detected by fluorometry. 

35 In one embodiment, the synthetic Substrate is an oligonucleotide comprising 

ribonucleotide residues. The synthetic Substrate can also be a chimeric oligonucleotide 
comprising RNase-cleavable, e.g., RNA, residues, modified RNase-resistant RNA residues, 
or modified DNA residues that are resistant to cleavage by deoxyribonucleases. Substrate 
composition is such that cleavage is a ribonuclease-specific event and that cleavage by 
deoxyribonucleases does not occur. 

In a preferred embodiment, the synthetic Substrate is a chimeric 
oligonucleotide comprising ribonucleotide residue(s) and modified ribonucleotide 
residue(s). In a more preferred embodiment, the synthetic Substrate is a chimeric 
oligonucleotide comprising ribonucleotide residues and 2'-0-methyl ribonucleotide 
residues. In a most preferred embodiment, the synthetic Substrate is a chimeric 
oligonucleotide comprising 2*-0-methyl ribonucleotide residues and one or more of each of 
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the four ribonucleotide residues, adenosine, cytosine, guanosine, and uridine. Inclusion of 
the four distinct ribonucleotide bases in a single Substrate allows for detection of an 
increased spectrum of ribonuclease enzyme activities by a single Substrate oligouucleotide. 

To enable visual detection methods, the quenching group is itself not capable 

5 of fluorescence emission, being a "dark quencher". Use of a "dark quencher" eliminates the 
background fluorescence of the intact Substrate that would otherwise occur as a result of 
energy transfer from the reporter fluorophore. In one preferred embodiment, the 
fluorescence quencher comprises dabcyl (4-(4'-dimethylaminophenylazo)ben2oic acid). In 
a most preferred embodiment, the fluorescence quencher is comprised of QSY™-7 
carboxylic acid, succinimidyl ester (N,N'-dimethyl-N,N'-diphenyl-4-((5-t- 
butoxycarbonylaminopentyl)aminocarbonyl) piperidinylsulfonerhodamine; a 
diarylrhodamine derivative from Molecular Probes, Eugene, OR). Any suitable fluorophore ; 
may be used as reporter provided its spectral properties are favorable for use with the 
chosen quencher. A variety of fluorophores can be used as reporters, including but not 

20 limited to, fluorescein, tetrachlorofluorescein, hexachlorofluorescein, rhodamine, 
tetramethybrhodamine, Cy-dyes, Texas Red, Bodipy dyes, and Alexa dyes. 

The method of the invention proceeds in two steps. First, the test sample is 
mixed with the Substrate reagent and incubated. Substrate can be mixed alone with the test 

25 

sample or, more preferably, will be mixed with an appropriate buffer, e,g,, one of a 
composition as described herein. Second, visual detection of fluorescence is performed. As 
fluorescence above background indicates fluorescence emission of the reaction product, i.e. 
the cleaved Substrate, detection of such fluorescence indicates that RNase activity is present 
in the test sample. The method provides that this step can be done with unassisted visual 
inspection. In particular, visual detection can be performed using a standard ultraviolet 
35 (UV) light source of the kind found in most molecular biology laboratories to provide 

fluorescence excitation. Substrates of the invention can also be utilized in assay formats in 
which detection of Substrate cleavage is done using a multi-well fluorescence plate reader 
or a tube fluorometer. 

The present invention further features kits for detecting ribonuclease activity 
comprising a Substrate nucleic acid(s) and instructions for use. Such kits may optionally 
contain one or more of: a positive control ribonuclease, RNase-free water, and a buffer. It 
is also provided that said kits may include RNase-free laboratory plasticware, for example, 
thin-walled, UV transparent microtubes for use with the visual detection method and/or 
multiwell plates for use with plate-fluorometer detection methods in a high-throughput 
format. 
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Accordingly, the present invention provides a method for detecting 
ribonuclease activity in a test sample, comprising: (a) contacting the test sample with a 
substrate, thereby creating a test reaction mixture, wherein said substrate comprises a 
nucleic acid molecule comprising (i) a cleavage domain comprising a single-stranded 

5 region, said single-stranded region comprising at least one intemucleotide linkage; (ii) a 
fluorescence reporter group on one side of the intemucleotide linkage; and (iii) a 
non-fluorescent fluorescence-quenching group on the other side of the intemucleotide 
linkage; (b) incubating said test reaction mixture for a time sufficient for cleavage of the 
substrate by a ribonuclease in the sample; and (c) determining whether a visually detectable 
fluorescence signal is emitted from the test reaction mixture, wherein emission of a 
fluorescence signal from the reaction mixture indicates that the sample contains 
ribonuclease activity. 

While the methods of the invention can be practiced without the use of a 
control sample, in certain embodiments of the invention it is desirable to assay in parallel 

20 with the test sample a control sample comprising a known amount of RNase activity. 
Where the control sample is used as a negative control, the control sample preferably 
contains no detectable RNase activity. Thus, the present invention further provides a 

2 J method for detecting ribonuclease activity in a test sample, comprising: (a) contacting the 
test sample with a substrate, thereby creating a test reaction mixture, wherein said substrate 
comprises a nucleic acid molecule comprising: (i) a cleavage domain comprising a 
single-stranded region, said single-stranded region comprising at least one intemucleotide 
linkage; (ii) a fluorescence reporter group on one side of the intemucleotide linkage; and 
(iii) a non-fluorescent fluorescence-quenching group on the other side of the intemucleotide 
linkage; (b) incubating said test reaction mixture for a time sufficient for cleavage of the 

35 substrate by a ribonuclease activity in the test sample; (c) determining whether a visually 
detectable fluorescence signal is emitted from the test reaction mixture; (d) contacting a 
control sample with the substrate, said control sample comprising a predetermined amount 
of ribonuclease, thereby creating a control reaction mixture; (e) incubating said control 
reaction mixture for a time sufficient for cleavage of the substrate by a ribonuclease in the 
control sample; (f) determining whether a visually detectable fluorescence signal is emitted 
from the control reaction mixture; wherein detection of a greater fluorescence signal in the 
test reaction mixture than in the control reaction mixture indicates that the test sample 
contains greater ribonuclease activity than in the control sample, and wherein detection of a 
lesser fluorescence signal in the test reaction mixture than in the control reaction fnixture 
indicates that the test sample contains less ribonuclease activity than in the control sample. 
In one embodiment, the predetermined amount of ribonuclease is no ribonuclease, such that 
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detection of a greater fluorescence signal in the test reaction mixture than in the control 
reaction mixture indicates that the test sample contains ribonuclease activity^ 

The methods of the invention can further entail contacting the test sample 
with a buffer before or during step (a). 
5 As stated above, the present invention further provides compositions and kits 

for practicing the present methods. Thus, in certain embodiments, the present invention 
provides a nucleic acid comprising: (a) a cleavage domain comprising a single-stranded 
region, said single-stranded region comprising at least one intemucleotide linkage; (b) a 
fluorescence reporter group on one side of the intemucleotide linkage; and (c) a 
non-fluorescent fluorescence-quenching group on the other side of the intemucleotide 
linkage. In other embodiments, the present invention provides a kit comprising: (a) in one 
container, a substrate, said substrate comprising a nucleic acid molecule comprising a single 
stranded region, said single-stranded region comprising: (i) a cleavage domain comprising 
a single-stranded region, said single-stranded region comprising at least one intemucleotide 
20 linkage 3' to an adenosine residue, at least one intemucleotide linkage 3* to a cytosine 
residue, at least one intemucleotide linkage 3* to a guanosine residue, and at least one 
intemucleotide linkage 3* to a uridine residue, and wherein said cleavage domain does not 
2^ comprise a deoxyribonuclease-cleavable intemucleotide linkage; (ii) a fluorescence 
reporter group on one side of the intemucleotide linkages; and (iii) a non-fluorescent 
fluorescence-quenching group on the other side of the intemucleotide linkages. 

In a preferred embodiment of the foregoing methods and compositions, the 
single stranded region of the cleavage domain comprises at least on intemucleotide linkage 
3' to an adenosine residue, at least one intemucleotide linkage 3* to a cytosine residue, at 
least one intemucleotide linkage 3' to a guanosine residue, and at least one intemucleotide 
35 linkage 3* to a uridine residue. In another preferred embodiment, the cleavage domain does 

not comprise a deoxyribonuclease-cleavable intemucleotide linkage. In yet another 
• preferred embodiment, the single stranded region of the cleavage domain comprises at least 
on intemucleotide linkage 3' to an adenosine residue, at least one intemucleotide linkage 3* 
to a cytosine residue, at least one intemucleotide linkage 3* to a guanosine residue, and at 
least one intemucleotide linkage 3' to a uridine residue and the cleavage domain does not 
comprise a deoxyribonuclease-cleavable intemucleotide linkage. 

With respect to the fluorescence quenching group, any compound that is a 
dark quencher can be used in the methods and compositions of the invention. Numerous 
compounds are capable of fluorescence quenching, many of which are not themselves 
fluorescent, z.e., are dark quenchers.) In one embodiment, the fluorescence-quenching 
group is a nitrogen-substituted xanthene compound, a substituted 
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4-(phenyldiazenyl)phenylamine compound, or a substituted 

4-(phenyldiazenyl)naphthylamine compound. In certain specific modes of the embodiment, 
the fluorescence-quenching group is 4-(4'-dimethylaminophenylazo)ben2oic acid), 
N,N-dimethyl-N,N-diphenyl- 4-((5-t-butoxycarbonylaminopentyl) aminocarbonyl) 
5 piperidinylsulfonerhodamine (sold as QS Y-7™ by Molecular Probes, Eugene, OR), 
4*,5'-dinitrofluorescein, pipecolic acid amide (sold as QSY-33™ by Molecular Probes, 
Eugene, OR) 4-[4-nitrophenyldiazinyl]phenylamine, or 

4-[4-mtrophenyldiazinyl]naphthylamine (sold by Epoch Biosciences, Bothell, WA). In 
other specific modes of the embodiment, the fluorescence-quenching group is Black-Hole 
Quencher™ 1, 2, or 3 (Biosearch Technologies, Inc.). 

In certain embodiments, the fluorescence reporter group is fluorescein, 
tetrachloro fluorescein, hexachlorofluorescein, rhodamine, tetramethylrhodamine, a Cy dye, 
Texas Red, a Bodipy dye, or an Alexa dye. 

With respect to the foregoing methods and compositions, the fluorescence 

20 reporter group or the fluorescence quenching group can be, but is not necessarily, attached 
to the 5*-terminal nucleotide of the substrate. 

The nucleic acids of the invention, including those for use as substrates in 

2^ the methods of the invention, are preferably single- stranded RNA molecule. In other 

embodiments, the nucleic acids of the invention are chimeric oligonucleotides comprising a 
nuclease resistant modified ribonucleotide residue. Exemplary RNase resistant modified 
ribonucleotide residues include 2'-0-methyl ribonucleotides, 2'-methoxyethoxy 

^® ribonucleotides, 2*-0-allyl ribonucleotides, 2'-0-pentyl ribonucleotides, and 2*-0-butyl 
ribonucleotides. In a preferred mode of the embodiment, the modified ribonucleotide 
residue is at the 5' -terminus or the 3'-terminus of the cleavage domain. In yet other 

35 embodiments, the nucleic acids of the invention are chimeric oligonucleotides comprising a 
deoxyribonuclease resistant modified deoxyribonucleotide residue. In specific modes of the 
embodiments, the deoxyribonuclease resistant modified deoxyribonucleotide residue is a 
phosphotriester deoxyribonucleotide, a methylphosphonate deoxyribonucleotide, a 
phosphoramidate deoxyribonucleotide, a phosphorothioate deoxyribonucleotide, a 
phosphorodithioate deoxyribonucleotide, or a boranophosphate deoxyribonucleotide. In yet 
other embodiments of the invention, the nucleic acids of the invention comprise an 
ribonuclease-cleavable modified ribonucleotide residue. 

The nucleic acids of the invention, including those for use as substrates in 
the methods of the invention, are at least 3 nucleotides in length, but are more preferably 
5-30 nucleotides in length. In certain specific embodiments, the nucleic acids of the 
invention are 5-20, 5-15, 5-10, 7-20, 7-15 or 7-10 nucleotides in length. 
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In certain embodiments, the fluorescence-quenching group of the nucleic 
acids of the invention is 5' to ttie cleavage domain and the fluorescence reporter group is 3' 
to the cleavage domain. In a specific embodiment, the fluorescence-quenching group is at 
the 5' terminus of the substrate. In another specific embodiment, the fluorescence reporter 

5 group is at the 3' terminus of the substrate. 

In certain embodiments, the fluorescence reporter group of the nucleic acids 
of the invention is 5' to the cleavage domain and the fluorescence-quenching group is 3' to 
the cleavage domain. In a specific embodiment, the fluorescence reporter group is at the 5* 
terminus of the substrate. In another specific embodiment, the fluorescence-quenching 
group is at the 3' terminus of the substrate. 

In a preferred embodiments of the invention, a nucleic acid of the invention 
comprising the formula: 5*-Ni-n-N2-3\ wherein: (a) "N," represents zero to five 2'-modified 
ribonucleotide residues; (b) "N2" represents one to five 2 -modified ribonucleotide 
residues; and (c) "n" represents one to ten, more preferably four to ten unmodified 

20 ribonucleotide residues. In a certain specific embodiment, "N," represents one to five 

2'-modified ribonucleotide residues. In preferred modes of the embodiment, the 

fluorescence-quenching group or the fluorescent reporter group is attached to the 5*-terminal 

^ 2 -modified ribonucleotide residue of N,. 
25 

In the nucleic acids of the invention, including nucleic acids with the 
formula: 5'-N,-n-N2-3', the fluorescence-quenching group can be 5* to the cleavage domain 
and the fluorescence reporter group is 3* to the cleavage domain; altematively, the 
fluorescence reporter group is 5* to the cleavage domain and the fluorescence-quenching 
group is 3* to the cleavage domain. 

In embodiments where a nucleic acid of the invention comprises the formula 
35 5'-N,-n-N2-3', the cleavage domain comprises the sequence "auggc" in a specific mode of 
such embodiments. In another specific mode of these embodiments, N| and N2. each 
represent one 2'-modified ribonucleotide residue. The 2'-modified ribonucleotide residue is 
preferably an adenosine. 

With respect to the kits of the invention, in addition to comprising a nucleic 
acid of the invention, the kits can further comprise one or more of the following: a 
ribonuclease; ribonuclease-fi-ee water; a buffer; and ribonuclease-free laboratory 
plasticware. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1: Mass spectroscopy traces of oUgonucleotides. Following synthesis 
and purification, identity of SEQ ID NO:2 (panel A) and SEQ ID NO:30 (panel B) 
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oligonucleotides were confirmed by mass spectroscopy analysis using a Voyager-DE 
MALDI-TOF mass spectroscopy workstation. 

Figure 2: Visual detection Assay for ribonuclease activity. Substrate 
5 oligonucleotide SEQ ID NO:30 which incorporates the dark quencher group QSY™-7 (A) 
and oligonucleotide SEQ ID NO: 2 which incorporates Tamra, a quencher group that is itself 
fluorescent (B), were subjected to digestion with RNase A. Reactions were examined for 
fluorescence emission by visual inspection using an ultraviolet (UV) light source for 
excitation. Results were imaged by digital photography. Control reactions (without 
nuclease) are on the left and test reactions (with nuclease) are on the right. 

1^ Figure 3: Nuclease specificity of different oligonucleotides. Substrate 

oligonucleotide SEQ ID NO:2 having chimeric RNA-DNA composition (left panels) and 
Substrate oligonucleotide SEQ ID NO:3 having chimeric RNA-2'OMe-RNA composition 

20 (right panels) were subjected to digestion with DNase 1 (top panels) or RNase A (bottom 
panels). Reactions were examined for fluorescence emission with 490 nm excitation using 
a cuvette fluorometer. Resulting emission spectra are expressed as relative fluorescence 

2^ units (RFU). Control reactions (without nuclease) are represented by broken lines and test 
reactions (with nuclease) are represented by solid lines. 

Figure 4: Spectrum of ribonuclease sensitivity. Substrate oligonucleotide 
SEQ ID NO:30 having a 5 base ribonucleotide (auggc) cleavage domain was subjected to 
digestion with RNase A, RNase 1, or RNase Tl. Reactions were examined for fluorescence 
emission at 520 nm with 490 nm excitation using a cuvette fluorometer. Results are 
35 expressed as relative fluorescence units (RFU). Control reactions (without nuclease) are 
represented by solid black bars, RNase Tl reactions are represented by vertical-stripe bars, 
RNase A reactions are represented by solid gray bars, and RNase 1 reactions are represented 
by diagonal-stripe bars. 

Figure 5: Sensitivity of the assay improves with addition of buffer. 
Mimicipal water (tapwater) was tested for the presence of ribonuclease activity using the 
method of the invention. Substrate oligonucleotide SEQ ID NO:30 was incubated with 
dilutions of tapwater both with and without Assay Buffer. Reactions were examined for 
fluorescence emission by visual inspection using an ultraviolet (UV) light source for 
excitation. Results were imaged by digital photography. Control reactions (without 
tapwater) are on the left and test reactions (with tapwater) proceed to the right. 
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Figure 6: Time course of the reaction. Substrate oligonucleotide SEQ ID 
NO:30, a preferred Substrate of the invention, was subjected to digestion with RNase A at 
concentrations of 10 ng/ml, 2 ng/ml, 1 ng/ml, and 0.4 ng/ml. Assays were examined for 
fluorescence emission at 520 nm with 490 nm excitation using a cuvette fluorometer while 
incubating at 37°C. Results are expressed as relative fluorescence units (RFU). 

Figure 7: Sensitivity of the visual detection method. Substrate 
oligonucleotide SEQ ID NO:30, the preferred Substrate of the invention, was subjected to 
digestion with RNase A, RNase 1, or RNase Tl . Stock RNase enzymes were serial diluted. 
The final input mass for each reaction is indicated. Reactions were examined for 
fluorescence emission by visual inspection using an ultraviolet (UV) light source for 
excitation. Results were imaged by digital photography. Control reactions (without 
nuclease) are on the left and test reactions (with nuclease) proceed to the right. 

5. DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to methods for detecting the presence of 
ribonuclease enzyme activity. The present invention further relates to nucleic acid 
compositions that are Substrates for ribonuclease enzymes such that action of a ribonuclease 
enzyme on said Substrates resuhs in a visibly detectable change in the Substrates using the 
method of the invention. Substrates specific for certain RNase enzyme activities can be 
used alone or in combination. The preferred embodiment of the invention provides for a 
composition comprising a fluorescent-labeled oligoribonucleotide Substrate that can serve 
as a universal reagent to detect many different ribonuclease enzymes. 

The nucleic acid compositions of the invention contain pendant groups that 
allow for fluorescence-quenching detection methods using (FRET). A fluorescence reporter 
group and a fluorescence quencher group are physically connected by a chemical linkage 
that is cleaved during the course of the assay. Substrate cleavage leads to the physical 
separation of reporter and quencher, which results in loss of quenching effect and a 
concomitant rise in fluorescence signal by the reporter group. 

The present invention relates to compositions and methods to detect 
ribonuclease activity suitable for use as a QC assay. It is desirable that a QC assay be 
simple, rapid, and easy to perform. Further, availability of a visual detection format limits 
the need for specialized equipment and permits use of the method by most users directly at 
the laboratory bench or in the field. The current invention provides for an RNase assay with 
direct visual readout that meets all of these needs and has the following properties: 
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1) Sensitivity: RNase activity is detected by cleavage of a synthetic Substrate 

oligonucleotide, said cleavage being sensitive to very low levels of 
ribonuclease. 

2) Specificity: Substrate oligonucleotide is not cleaved by DNase; cleavage is 
5 limited to nucleases that cleave RNA and is therefore specific. 

3) Spectrum: cleavage occurs after exposure to most ribonucleases. 

4) Manufacture: the reagents employed can be manufactured using commercially 

available starting materials. 

10 

5) Complexity: the method is simple, rapid, and easy to perform. 

4 

6) Equipment: the assay can be done using visual detection and does not require use 

_ of any specialized equipment. 
^ ^ 7) Safety: the method uses no hazardous chemicals or radioisotopes. r 



Compositions of the invention. Compositions of the invention comprise synthetic 
20 oligonucleotide Substrates that are substrates for ribonuclease enzymes. Substrate 

oligonucleotides of the invention comprise: 1) one or more RNase-cleavable bases, e.g., 
RNA bases, some or all of which function as scissile linkages, 2) a fluorescence-reporter 
2^ group and a fluorescence-quencher group (in a combination and proximity that permits 
visual FRET-based fluorescence quenching detection methods), and 3) may optionally 
contain RNase-resistant modified RNA bases, or nuclease-resistant DNA bases. Synthetic 
oligonucleotide chimeras that contain RNA-DNA linkages have been described by Kempe 
< (1982). Synthetic oligonucleotide RNA-DNA chimeras wherein the internal RNA bonds 
function as a scissile linkage are also described by Duck (1989). 

35 Nucleic Acid Content . The Substrate is a synthetic (chemically synthesized) 

oligonucleotide, that generally ranges from about 3 nucleotides to about 30 nucleotides in 
length, with a preferred embodiment of about 3 to about 20 nucleotides, or about 3 to about 
15 nucleotides, and contains both a fluorescence-reporter group and a fluorescence- 
quencher group. The fluorescence-reporter group and the fluorescence-quencher group are 
separated by at least one RNAse-cleavable residue, e.^., RNA base. Such residues serve as 
a cleavage domain for ribonucleases. In a preferred embodiment all 4 ribonucleotide 
residues are included within the cleavage domam. 

At a minimum, the Substrate comprises at least one RNase-cleavable residue 
between the reporter and quencher groups. The nucleic acid content of the Substrate can 
comprise entirely RNA. Alternatively, the Substrate can include nuclease-resistant 
modified RNA residues, andor nuclease-resistant modified DNA residues. RNA residues 
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may be continuous or interspersed. Modified residues that can be incorporated in the 
Substrate include, but are not Hmited to, 2'-0-methyl RNA, 2'-methoxyethoxy RNA, 2'-0- 
allyl RNA, 2'-0-pentyl RNA, 2'-0-butyl RNA, phosphotriester DNA, methylphosphonate 
DNA, phosphoramidate DNA, phosphorothioate DNA, phosphorodithioate DNA, and 
5 boranophosphate DNA. 

The preferred composition is a chimeric RNA ^ 2'-0-methyl RNA 
oligonucleotide having the general structure 5' r-NnN-q 3\ where 'N* represents from about 
one to five 2'-modified ribonucleotide residues, *n' represents one to ten unmodified 
ribonucleotide residues, 'r' represents a fluorescence reporter group, and represents a 
fluorescence quencher group. The 5'- and 3*- position of reporter and quencher are 
interchangeable. In the most preferred embodiment, all 4 RNA residues are present in a 
single Substrate, witin 'n' (i.e., base composition includes at least one each of the residues 
adenosine (a), cytosine (c), guanosine (g) and uridine (u)). 

20 Nuclease Specificity . Oligonucleotides that contain DNA residues are subject to cleavage 
by DNase enzymes; it is desirable that a Substrate used in an RNase QC assay be 
ribonuclease specific. Compositions of the invention are therefore comprised entirely of 

2^ nucleic acid residues that are not cleaved by DNase enzymes. RNase-cleavable residues, 
e.g.y immodified RNA residues, are included so that the Substrate oligonucleotide is subject 
to RNase cleavage. Modified RNA residues can be included. If DNA residues are 
included, the DNA residues are modified in a way that confers resistance to cleavage by 
DNase enzymes. Compositions of the invention are, therefore, substrates for ribonuclease 
enzymes, but not deoxyribonuclease enzymes. For example, 2'-0-methyl RNA residues are 
not cleaved by deoxyribonuclease (Cummins, 1995) and so improve Substrate specificity 

35 compared with earlier compositions. Nuclease specificity of the invention is demonstrated 
in Example 2, Figure 3, wherein an oHgonucleotide containing both RNA and DNA 
residues is shown to be susceptible to DNase cleavage while Substrate compositions of the 
invention are resistant to DNase cleavage. 

The RNase Cleavable Domain . An RNase-cleavable linkage, e.g., an RNA linkage, of one 
or more residues is positioned between the fluorescence reporter group and the fluorescence 
quencher group. Most ribonucleases catalyze cleavage of the phosphodiester bond on the 
3 '-side of an RNA residue. Cleavage of any linkage other than intemucleoside 
phosphodiester bonds, such as the linkage between a terminal RNA residue and an attached 
pendant group, proceeds slowly if at all (Steyaert, 1991a). An RNase-clevable linkage is 
therefore positioned such that cleavage of phosphodiester bonds between nucleic acids 
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residues will separate reporter from quencher. It is preferred that all RNase-cleavable 
linkages, e.g., all RNA residues, lie internal to the reporter and quencher groups. For 
example, in a preferred Substrate, RNase-cleavable residues are positioned intemally and 
function as a scissile domam, modified, nuclease-resistant, e.g., 2'-0-methyl RNA 
5 residue(s), terminate the RNase-cleavable, e.g., oligoribonucleotide, sequence at both the 
5'- and 3 '-ends, and a fluorescence reporter group and a fluorescence quencher group are 
attached to the terminal 2'-0-methyl RNA residues. The 2'-0-methyl RNA residues serve 
as attachment sites for the fluorescent groups and do not contribute to the scissile linkage. 
The Substrate may also be comprised entirely of RNase-cleavable, e.g., unmodified RNA 
residues. 

It is preferred that at least one of each of the 4 RNA bases be included within 
the scissile linkage. Inclusion of all 4 bases expands the spectrum of RNase enzymes that f 
will cleave the Substrate (Example 3, Figure 4) and therefore expands the utility of the 
Substrate for RNase QC detection methods. Substrates are also envisioned which 

20 individually do not detect a broad range of ribonuclease enzymes but instead are optimized 
to detect the presence of a specific enzyme(s). A series of enzyme-specific Substrates can 
be used to detect a broad spectrum of ribonucleases; enzyme-specific Substrates can be used 

2^ to characterize the nature of ribonuclease activity present in an unknown sample. For 

example, a set of 4 Substrates each comprising 'u', 'c\ *g', and 'a' would enable an RNase 
assay to identify and distinguish between RNase A, RNase Tl, and RNase 1 activities. 
Such a specific assay is usefiil in identifying the source within a laboratory of a 
contaminating ribonuclease. The present invention, therefore, fiirther includes such 
enzyme-specific Substrates, as well a methods for characterizing the nature of RNase 
activity in a sample. 

35 

Enzyme Specificitv of the RNA Cleavable Domain . Most ribonuclease enzjones have an 
active site that binds a contiguous stretch of RNA several bases in length; enzyme-mediated 
cleavage occurs at a single residue within the bound sequence. Both RNase A and RNase 
Tl have substrate binding pockets that accommodate three bases (Wantanabe, 1985). The 
precise base sequence surrounding the cleavage site can influence the reaction (cleavage) 
rate. RNase A specifically cleaves after pyrimidine residues ('c' or *u'). Cleavage rates are 
not equal at all *c* or *u' residues and substrates having composition "purine-pyrimidine- 
purine" are preferred, and even within this sequence 'a' is favored over 'g' (D'Alessio and 
Riordan, 1997). RNase Tl cleaves specifically after a guanosine ('g') base. Cleavage rates 
are reported to vary, favoring 'gc' > *ga' > *gu' (Steyaert, 1991b). With this in mind, a 
series of different Substrates with varying sequences were tested using RNase A, RNase Tl, 
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and RNase 1 for specificity and rate in Example 6. Base sequence was found to influence 
rate of cleavage, especially for RNase Tl. New cleavage preferences for RNase Tl were 
defined that are distinct fi-om the observations of Steyaert (1991b), The dinucleotide 'gg' 
was found to be more active than the other dinucleotide combinations tested. Sensitivity of 
5 the Substrate for cleavage by RNase Tl was 'gg' > *gc' > 'ga' > 'gu'. Of cleavable 

domains tested that contained a 'gg' dinucleotide, the triplet motif 'ggc* provided greater 
sensitivity than 'ggu\ Experimental testing defined a sequence optimized to cleave (i.e., 
detect) low levels of all three enzymes, which was more sensitive than other sequences 
examined. Relative cleavage rates (sensitivity) of Substrates having different sequence 
composition are described in Example 6, wherein a preferred Substrate of the invention is 
discussed. 

The preferred composition for a single Substrate for use in the method of the 
invention is SEQ ID NO:30: 5' Fam-AauggcA-QSY™-7 3\ where Fam is 6-carboxy- 
fluorescein, A is 2'-0-methyl adenosine, and *a', 'c\ 'u', 'g' are the ribonucleotide bases 
20 adenosine, cytosine, uridine, and guanosine. This composition has been experimentally 
tested and has very high cleavage rates and sensitivity to the presence of low levels of 
ribonucleases. 

Most ribonucleases are specific for single-stranded RNA substrates. 
Therefore,it is preferred that a Substrate oligonucleotide not form a self-annealing hairpin or 
self-annealing dimer that includes the RNase-cleavable residues within the scissile domain. 
Compositions that favor hairpin or dimer formation according to standard Watson-Crick 
base-pairing rules can be readily identified and excluded by visual inspection or analysis 
using commonly available computer algorithms well known to those of skill in the art.. 

35 Reporter and Quencher Groups . The Substrate is further comprised of a fluorescence 
reporter group and a fluorescence quencher group that are covalently connected to each 
other by at least one RNase-cleavable linkage, e,g., as formed between two adjacent 
immodified RNA residues, such that the residues comprise a scissile linkage wherein 
cleavage of this linkage results in physical dissociation of the fluorescence reporter group - 
firom the fluorescence quencher group. Compositions wherein a fluorescence reporter is in 
physical proximity to a fluorescence quencher result in suppression of fluorescence 
emission fi-om the reporter; physical separation or dissociation of the fluorophore firom the 
quencher removes this suppression. Following dissociation firom the quencher, the 
fluorescence reporter emits light at a wavelength characteristic to that fluorophore (i.e., 
fluorescence emission) when stimulated by light at an appropriate wavelength (i.e., 
fluorescence excitation). 
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In the preferred embodiment, the fluorescence reporter group and the 
fluorescence quencher group are positioned at or near opposing ends of the molecule. It is 
not important which group is placed at or near the 5 '-end versus the 3 '-end. It is not 
required that the reporter and quencher groups be end modifications, however positioning 

5 these groups at termini simplifies manufacture of the Substrate. The fluorescence reporter 
group and the fluorescence quencher group may also be positioned internally so long as an 
RNA scissile linkage lies between reporter and quencher. 

A fluorophore is a molecule that absorbs light (i.e. excites) at a characteristic 
wavelength and emits light (i.e. fluoresces) at a second lower-energy wavelength. 
Fluorescence reporter groups that can be incorporated into Substrate compositions include, 
but are not limited to, fluorescein, tetrachlorofluorescein, hexachloro fluorescein, 
tetramethylrhodamine, rhodamine, cyanine-derivative dyes, Texas Red, Bodipy, and Alexa 
dyes. Characteristic absorption and emission wavelengths for each of these are well known 
to those of skill in the art. 

20 A fluorescence quencher is a molecule that absorbs or releases energy fi*om 

an excited fluorophore (i.e., reporter), returning the fluorophore to a lower energy state 
without fluorescence emission at the wavelength characteristic of that fluorophore. For 
quenching to occur, reporter and quencher must be in physical proximity. When reporter 
and quencher are separated, energy absorbed by the reporter is no longer transferred to the 
quencher and is instead emitted as light at the wavelength characteristic of the reporter. 
Appearance of a fluorescent signal fi-om the reporter group following removal of quenching 
is a detectable event and constitutes a "positive signal" in the assay of the present invention, 
and indicates the presence of RNase in a sample. 

Fluorescence quencher groups include molecules that do not emit any 

35 fluorescence signal ("dark quenchers") as well as molecules that are themselves 

fluorophores ("fluorescent quenchers"). Substrate compositions that employ a "fluorescent 
quencher" will emit light both in the intact and cleaved states. In the intact state, energy 
captured by the reporter is transferred to the quencher via FRET and is emitted as light at a 
wavelength characteristic for the fluorescent quencher. In the cleaved state, energy captured 
by the reporter is emitted as light at a wavelength characteristic for the reporter. When 
compositions that employ fluorescent quenchers are used in a FRET assay, detection must 
be done using a fluorometer. Substrate compositions that employ a "dark quencher" will 
emit light only in the cleaved state, enabling signal detection to be performed visually 
(detection may also be done using a fluorometer). Visual detection is rapid, convenient, and 
does not require the availability of any specialized equipment. It is desirable for an RNase 
detection assay to have visual detection method as an available option. Example 1, Figure 2 
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demonstrates that Substrate compositions emplojdng a "dark quencher" enable a visual 
detection ribonuclease assay while Substrate compositions employing a "fluorescent 
quencher" are incompatible with a visual detection assay. 

In the preferred embodiment of the invention, the Substrate is comprised of a 
5 fluorescence quencher group that does not itself emit a fluorescence signal, i.e. is a "dark 
quencher". "Dark quenchers" useful in compositions of the invention include, but are not 
limited to, dabcyl, QSY™-7, QSY-33 (4',5-dinitrofluorescein, pipecolic acid amide) 
and Black-Hole Quenchers™ 1, 2, and 3 (Biosearch Technologies, Novato, CA). Assay 
results (i.€.y signal from cleaved Substrate) can thus be detected visually. Optionally, the 

4 

fluorescence signal can be detected using a fluorometer or any other device capable of 
detecting fluorescent light emission in a quantitative or qualitative fashion. 

15 

Substrate Svnthesis . Synthesis of the nucleic acid Substrate of the invention can be 

performed using solid-phase phosphoramidite chemistry (Caruthers, 1992; Scaringe, 1990) 
20 with automated synthesizers, although other methods of nucleic acid synthesis (e.g., the H- 

phosphonate method) may be used. Chemical synthesis of nucleic acids allows for the 

production of various forms of the nucleic acids with modified linkages, chimeric 
2^ compositions, and nonstandard bases or modifying groups attached in chosen places 

throughout the nucleic acid's entire length (Current Protocols in Molecular Biology). 

Methods for synthesis and purification of Substrate compositions of the invention are taught 

in Example 1. 

30 

Method . The method of the invention proceeds in the following steps: combine "test 
sample" with Substrate(s) to produce a mixture, said mixture being the Assay Mix, 
35 incubate, and detect fluorescence signal. "Test sample" refers to any material being assayed 
for ribonuclease activity and will preferably be a liquid. Solids can be indirectly tested for 
the presence of RNase contamination by washing or immersion in solvent, e,g,y water, 
followed by assay of the solvent. 

Assav Mix . The Substrate is mixed and incubated with the test sample. This mixture 
constitutes the Assay Mix. Ideally, the Assay Mix is a small volume, from about 1 ul to 
about 10 mis, or, more preferably from about 10 to 100 ul. The precise volume of the 
Assay Mix will vary with the nature of the test sample and the detection method. 
Optionally, a buffer can be added to the Assay Mix. Nucleases, including some 
ribonucleases, require the presence of divalent cations for maximum activity and providing 
an optimized buffered solution can increase the reaction rate and thereby increase assay 
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sensitivity. Buffers of different composition can be used. One such non-limiting buffer is 
described in Example 1. The benefit of including buffer in the Assay Mix is demonstrated 
in Example 4, Figure 5. Inclusion of control reactions is also preferred, but no essential. A 
Negative Control Mix, for example, comprises a solution of Substrate in water or buffer 

5 without any test sample or added nuclease. In this control, the Substrate should remain 
intact (i.e., without fluorescence emission). If the Negative Control Mix results in positive 
signal, then the quality of all reagents is suspect and fresh reagents should be employed. 
Possible causes of a signal in a Negative Control include degradation of the Substrate or 
contamination of any component reagent with ribonuclease activity. A Positive Control 
Mix, for example, comprises a solution of Substrate in water or buffer plus a known, active 
RNase enzyme. If the Positive Control Mix results in a negative signal, then the quality of 
all reagents is suspect and fresh reagents should be employed. Possible causes of a negative ^ 
Positive Control Mix include defective Substrate or contamination of any component 
reagent with a ribonuclease inhibitor. Any RNase that cleaves the Substrate can be 

20 employed for use in the Positive Control Mix. In a preferred embodiment, RNase A is used, 
as this enzyme is both inexpensive and readily available. Altematively, RNase 1 can be 
used. RNase 1 is heat labile and is more readily decontaminated from laboratory surfaces. 

25 

Incubation . The Assay Mix (e.g., the test sample plus Substrate) is incubated. Incubation 
time and condition can vary from a few minutes to 24 hours or longer depending upon the 
sensitivity required. Incubation times of one hour or less are desirable. Ribonucleases are 
catalytic. Increasing incubation time should therefore increase sensitivity of the Assay, 
provided that background cleavage of the Substrate (hydrolysis) remains low. Assay 
kinetics are examined in Example 5, Figure 6. As is evident, assay background is stable 
35 over time and Assay sensitivity increases with time of incubation. Incubation temperature 
can generally vary from room temperature to 3T'C but may be adjusted to the temperature 
optimxmi of a specific ribonuclease suspected as being present as a contaminant. 

Signal Detection . Fluorescence emission can be detected using a number of techniques 
(Morrison, 1992). The preferred method of detection is visual inspection. Visual detection 
is rapid, simple, and can be done without need of any specialized equipment. Altematively, 
detection can be done using fluorometry or any other method that allows for qualitative or 
quantitative assessment of fluorescent emission. 

Visual Detection Method . Following incubation, the Assay Mix is exposed to UV light to 
provide excitation of the fluorescence reporter group. An Assay Mix in which the Substrate 
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remains intact will not emit fluorescent signal and will visually appear clear or dark. 
Absence of fluorescence signal constitutes a negative assay result. An Assay Mix in which 
the Substrate has been cleaved will emit fluorescent signal and will visually appear bright. 
Presence of fluorescence signal constitutes a positive assay result, and indicates the 

5 presence of RNase activity in he sample. The visual detection method is demonstrated in 
Example 1, Figure 2. The visual detection method is primarily intended for use as a 
qualitative ribonuclease assay, with results being simply either "positive" or "negative". 
However, the assay is crudely quantitative in that a bright fluorescent signal indicates higher 
levels of RNase contamination than a weak fluorescent signal. 

The Assay Mix will ideally constitute a relatively small volume, for example 
10 to 100 |xl, although greater or lesser volimies can be employed. Small volumes allow for 

^ ^ maintaining high concentrations of Substrate yet conserves use of Substrate. The visual 
detection Assay as taught in Example 1 uses 50 pmoles of Substrate at a concentration of 
0.5 uM in a 100 ul final volume Assay Mix. Lower concentration of Substrate (e.g., below 

20 01 uM) will decrease assay sensitivity. Higher concentrations of Substrate (e.g., above 1 
uM) will increase background and will unnecessarily consume Substrate. 

Steps (mixing, incubating, detecting), can be performed in one tube. In a 

2^ preferred embodiment, the tube is a small, thin-walled, UV transparent microfuge tube, 
although tubes of other configuration may be used. A "short wave" UV light source 
emitting at or around 254 nm is preferred for fluorescence excitation. A "long wave" UV 
light source emitting at or around 300 nm can also be employed. A high intensity, short 
wave UV light source will provide for best sensitivity. UV light sources of this kind are 
commonly found in most molecular biology laboratories. Visual detection can be 
performed at the laboratory bench or in the field, however sensitivity will be improved if 

35 done in the dark. Sensitivity of the visual detection method is demonstrated in Example 7, 
Figure 7. Practical application of the visual detection assay in testing commercial 
laboratory reagents for RNase contamination is demonstrated in Example 8. 

Fluorometric Detection Method . Following incubation fluorescence emission can be 
detected using a fluorometer. Fluorometric detection equipment includes, but is not limited 
to, single sample cuvette devices and multiwell plate readers. As before, mixing, 
incubation, and detection can be performed in the same vessel. Use of a multiwell plate 
format allows for small sample volumes, such as 200 |il or less, and high-throughput robotic 
processing of many samples at once. This format is preferred in industrial QC settings. The 
method also provides for the Assay to be performed in RNase fi-ee cuvettes. As before, 
mixing, incubation, and detection can be perfomied in the same vessel. Use of fluorometric 
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detection allows for highly sensitive and quantitative detection. Sensitivity of the 
fluorometric detection is demonstrated in Example 7, Table 8. 

Kits, The present invention further includes kits for detecting ribonuclease activity in a 
5 sample, comprising Substrate nucleic acid(s) and instructions for use. Such kits may 
optionally contain one or more of: a positive control ribonuclease, RNase-free water, a 
buffer, and other reagents. The kits may include RNase-free laboratory plasticware, such as 
thin-walled, UV transparent microtubes and/or multiwell plates for use with the visual 
detection method and multiwell plates for use with plate-fluorometer detection methods. 

One kit of the invention includes a universal Substrate, said Substrate being 
sensitive to a broad spectrum of ribonuclease activity (e.g., Substrate oligonucleotide SEQ 
ID NO:30). The kit is intended to detect ribonuclease activity from a variety of sources. 
The assay is compatible with visual detection. Preferably, the Substrate will be provided in 
dry form in individual thin-walled, UV transparent microtubes, or in multiwell (e.g., 96 
20 well) formats suitable for high throughput procedures. Lyophilized Substrate has improved 
long-term stability compared to liquid solution in water or buffer. If provided in liquid 
solution, stability is improved with storage at -20^C or, more preferably, at -80°C. Storage 
2^ in individual aliquots limits potential for contamination with environmental ribonucleases. 
Alternatively, the Substrate can be provided in bulk, either lyophilized or in liquid solution. 
Alternatively, substrate can be provided in bulk and can be dispersed at the discretion of the 
user, 

An additional kit of the invention includes a set of enzyme-specific or 
enzyme-selective Substrates that together detect most RNase activities and individually can 
be used to distinguish between different ribonuclease enzymes. Such a kit can be used to 
35 assess the nature and source of RNase contamination or can measure activity of specific 
enzyme of interest. 

The following examples are offered to further illustrate, but not limit, the 
methods and compositions of the invention, and serve to point out the unique features of the 
invention, which enable it to overcome limitations of earlier contributions to the field. 
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6. EXAMPLE 1 - SYNTHESIS AND USE OF SYNTHETIC 
OLIGONUCLEOTIDE SUBSTRATE IN A VISUAL 
DETECTION RIBONUCLEASE ASSAY • 



6.1. Introduction 

^ Synthesis of novel Substrate compositions that employ "dark quenchers" and 

their use in the visual RNase detection method of the invention is described. 

10 6.2. Materials And Methods 

Oligonucleotide Synthesis: DNA p-cyanoethyl (CE) phosphoramidites were^obtained from 
Perkin Elmer (Foster City, CA). RNA and 2'-0-methyl RNA phosphoramidites were 
obtained from Proligo, Inc. (Boulder, CO). 5'-Fluoresceinphosphoramidite(6-FAM, 6- 
carboxyfluorescein) and Amino-modifier-C7 CFG was obtained from Glen Research 
(Sterling, VA). 6-Carboxytetramethyl-rhodamine succinimidyl-ester (6-Tamra-NHS-ester) 
and QSYTM 7 carboxyHc acid, succinimidyl ester were obtained from Molecular Probes 

20 

(Eugene, OR). Sephadex G25 Nap- 10 chromatography colunms were obtained from 
Amersham Pharmacia Biotech (Piscataway, NJ). 

Equipment used to synthesize the oligonucleotides of this Example include a 

25 Model 394 DNA/RNA Synthesizer (AppUed Biosystems, Inc., Foster City, CA) and a 
Speed Vac Plus model SC210A rotary concentrator with Refrigerator Vapor Trap model 
RVT4104 (Savant Instrument Co., Holbrook, NY). Purification was done using a Waters 

2^ Model 600E High Perfomiance Liquid Chromatography (HPLC) system (Millipore Corp., 
Milford, MA), equipped with a Hamilton PRP-1 column (Hamilton Co., Reno, NV) for 
reverse phase separations or a Source™ column (Amersham Pharmacia Biotech, 
Piscataway, NJ) for ion-exchange separations. Compound identity was verified by mass 
spectroscopy using a Voyager-DE™ BioSpectrometry™ workstation (PerSeptive 
Biosystems, Inc., Foster City, CA). 

RNase Assav: Reagents used to conduct the nuclease degradation experiments of this 
Example include oligonucleotides, enzymes, nuclease-free water, and Buffer. HPLC-grade 
water was obtained from Burdick and Jackson (Muskegon, MI). Assay Buffer was made as 
a lOX stock and diluted to IX for use. 

Table 1: Assav Buffer Composition 
Assav Buffer. IPX Assav Buffer, IX 

500 mM Tris, pH 7.0 50 mM Tris, pH 7.0 
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SSOmMNaCl 
lOOmMKCl 
15mMMgCl2 
5 mM CaCl2 
0.5% Triton X-100 



SSmMNaCl 
10 mM KCl 
l.SmMMgClz 
0.5 mM CaCla 
0.05% Triton X-100 



10 

Equipment used to conduct the nuclease detection experiments of this Example include 
aerosol-barrier micropipette tips (RNase-free), micropipetters, thin-walled, UV transparent 
15 microtubes (RNase-free), a UV light source (Electronic Dual-Light™ Transillvuninator, 
Ultra Lum, Carson, CA), and a digital camera (MVC-FD91, Sony Corp., Japan). 



20 



25 



Nuclease enzymes : Nuclease enzymes employed in the Examples were obtained from 
Ambion, Inc., (Austin, TX), unless otherwise indicated and include: 

Table 2: Nuclease Enzymes Employed in the Examples. 



Nuclease 


Stock Concentration 


Unit Definition 


DNase 1 
(RNase-free grade) 


2 units/ul 


1 unit of DNase 1 will result in an increase 
in A260 of 0.001 per minute when 
incubated with 40 ug/ml ssDNA 
at25**C. 


RNase A 
(RP A grade) 


1 ug/ul 


1 unit of RNase A will result in an increase 
in A286 of 0.0146 per minute when 
incubated with 1 mM cCMP in a volume 
of 1 ml. 1 Kunitz unit (Kunitz, 1946) is 
equal to about 7.5 cCMP units. 



30 



35 
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RNase 1 


100 units/ul 


1 unit of RNase 1 will result in 50% 








degradation of a ^^P-labeled RNA in vitro 








transcript mixed with 2 ug yeast RNA in a 


5 






iiiiixu.iC illl/UUallUIi cll 3 / - aS lilCaSUicQ 


10 








RNase Tl 


1000 units/ul 


1 unit of RNase Tl will result in a change 








in A260 of 0.0004 per minute at room 


15 






temperature of a 25 ug/ml solution of the 








dinucleotide GpA. 



20 



6.3. Oligonucleotide Substrate Synthesis 
The synthesis of oligonucleotides is described in this Example. The SEQ ID NO:2 
2^ oligonucleotide is a composition described by Kelemen (1999). Substrate SEQ ID NO:30 is 
the preferred Substrate of the invention as defined in Example 6. 

30 

SEQIDNO:2: 5' Fluorescein-AuAA-Tamra 3' 
SEQIDNO:30:5' Fluorescein-AauggcA-QSY-7 3' 

35 

Where A = deoxyadenosine (DNA), u = uridine, a = adenosine, g = guanine, c = cytosine 
(RNA), and A = 2'-0-methyl adenosine (2'-0-methyl RNA). Oligonucleotide substrates 
were synthesized with a 6-carboxyfluorescein (6-FAM) at the 5 '-end and an amino- 
modifier-C7 on the 3 '-end using standard phosphoramidite chemistry on an Applied 
Biosystems Model 394 DNA/RNA synthesizer (Caruthers, 1992; Scaringe, 1990). 
Reactions were done on the 1 umole scale. 

Following synthesis, the controlled pore glass (CPG) solid support was 
transferred to a 2 ml microfuge tube. Oligonucleotides were cleaved fi-om the CPG and 
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deprotected by incubation for 2 hours at 65*'C in 1 ml of a 3:1 solution of NH40H/EtOH. 
The supernatant was removed and the CPG was washed with 1 ml of EtOH/H20 3:1; 
supematants were pooled and dried. The t-butyl-dimethylsilyl protecting group was 
5 removed from RNA residues by treatment with 250 ul of fresh anhydrous 

triethylammonium-trihydrogen fluoride at room temperature in an ultrasonic bath for 2 
hours. The oligonucleotide was precipitated by 1.5 ml of n-butanol; the sample was cooled 

10 

at ~70°C for 1 hour then centriftiged at 10,000g for 10 minutes. The supernatant was 
decanted and the pellet was washed again with n-butanol. 
15 The oligonucleotides were then purified by reverse-phase HPLC using a 

linear gradient of acetonitrile in 0.1 M triethyl-ammonium acetate (TEAA) pH 7.2, The 
entire sample was loaded on a Hamilton PRP-1 colxmm (1.0 cm x 25 cm) and eluted with a 

20 

linear 5% to 50% acetonitrile gradient over 40 minutes. Samples were monitored at 260 nm 
and 494 nm and peaks corresponding to the fluorescent-labeled oligonucleotide species 
25 were collected, pooled, and lyophilized. 

The oligonucleotide samples were dissolved in 200 ul of sterile water and 
precipitated by adding 1 ml of 2% LiC104 followed by centrifuging at 10,000g for 10 

30 

minutes. The supernatant was decanted; the pellet was washed with 10% aqueous acetone. 

6-TAMRA succinimidyl-ester or QSY™ 7 carboxylic acid, succinimidyl 
35 ester (0. 1 ml of 10 mg/ml in dimethylsulfoxide) was mixed with the 3 *-amino-modified 
oUgonucleotide in 0.5 ml 50 mM sodium bicarbonate buffer, pH 8.5. The dye-labeling 
reaction was incubated for 12 hours at 37''C. Reactions were dried under vacuum. Labeled 
oligonucleotides were resuspended in 200 ul water and precipitated by adding 1 ml of 2% 
LiC104^ followed by centrifiiging at 10,000g for 10 minutes in order to remove free dye. 
The oligonucleotides were then purified by reverse-phase HPLC using conditions described 
above. Samples were monitored at 260 nm and 494 nm and peaks corresponding to the 
dual-labeled oligonucleotide species were collected, pooled, and lyophilized. The 
oligonucleotides were additionally purified by ion-exchange HPLC using a Source™ 
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column (Amersham Pharmacia Biotech, Piscataway, NJ) and eluted with a linear 0% to 
50% 1 M LiCl gradient in 0.1 M Tris pH 8.0 over 40 minutes. Samples were monitored at 
260 nm and 494 nm and peaks corresponding to the dual-labeled oligonucleotide species 
5 were collected, pooled, precipitated with 2% LiC104, and lyophilized. 

Compoimd identify was verified after synthesis and purification by mass 
spectroscopy using a Voyager-DE BioSpectrometry workstation. Mass traces are shown in 

10 

Figure 1. Measured mass for Substrate SEQ ID NO:2 was 2345 (calculated mass 2347). 
Measured mass for Substrate SEQ ID NO:30 was 3646 (calculated mass 3644). Both 
1 5 masses are correct within the experimental error of the method and confirm identity of the 
products. 

Other oligonucleotide Substrates used in subsequent Examples were 

20 

synthesized, purified, and evaluated using the methods outlined above. 

25 6.4. Visual Detection Method of The Nuclease Assay 

Nuclease assays were conducted using the methods of the invention. SEQ ID NO:2 
and SEQ ID NO:30 oligonucleotides were individually mixed in IX Assay Buffer at a 

30 

concentration of 500 nM (50 pmoles ODN m 100 ul volume) in thin-walled, UV transparent 
microtubes. RNase A (1 ul, diluted to 0.1 ug/ul) was added to the respective Assay Mixes. 
35 Negative Control reactions did not receive nuclease. Assays were set up directly in 
microtubes as follows: 

Table 3; Composition of Assay Mixtures. Example 1 



Item 


Amount 


Final 


Substrate 


50 pmoles (dry) 


500 nM 


lOX Assay Buffer 


10 ul 


IX 


Water 


89 ul 




Nuclease: RNase A 


1 ul(0.1 ug) 


l.Oug/ml 


Final Volume 


100 ul 
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Assay Mixes were incubated at room temperature for 10 minutes. Assays were visually 
examined for fluorescence emission directly in the assay tubes without further 
manipulation. Tubes were suspended above an ultraviolet light source, visually inspected, 
5 and photographed using a digital camera. Results are shown in Figiu-e 2. The Substrate of 
the present invention (SEQ ID NO:30) appeared visually transparent (dark) in the absence 
of RNase (control reaction). In the presence of RNase, this Substrate emitted a fluorescent 

10 

signal that was visibly bright. The **positive" and "control" reactions appeared markedly 
different and were easily distinguished. SEQ ID NO:2, in contrast, emitted light in the 
1 5 absence of RNase; in the presence of RNase, fluorescence emission changed somewhat in 
color and slightly increased in intensity. The "positive" and "control" reactions were not 
markedly different to visual inspection. As is evident from these results, compositions 

20 

comprising quencher groups that are themselves fluorescent are not suitable for use in 
visual assay formats while compositions comprising dark quencher groups can be used in a 
25 visual assay format as per the method of the invention. 

7. EXAMPLE 2. REACTION SPECIFICITY: DNase vs. RNase 

30 

7.1. Introduction 

It is desirable that Substrate(s) used in a ribonuclease assay be ribonuclease specific 
35 substrates. Compositions of the present invention do not contain residues susceptible to 
DNase attack. This example demonstrates that oligonucleotides that contain unmodified 
DNA, are cleaved by DNase while compositions of the present invention are RNase 
specific. 

7.2. Materials and Reag ents 

Reagents used to conduct the nuclease degradation experiments of this 
Example include oHgonucleotides, DNase I, RNase A, nuclease-free water, and Buffer. 
Two oligonucleotides were employed, including: 
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SEQIDNO:2:5' Fluorescein-AuAA-Tamra 3' 
SEQIDNO:3:5' Fluorescein-AAuAA-Dabcyl 3' 



5 Where: A = deoxyadenosine (DNA), u = uridine (RNA), and A = 2'-0-methyl adenosine 
(2*-0-methyl RNA). SEQ ID NO:2 is a composition described by Kelemen (1999). 
Substrate SEQ ID NO:3 is a novel Substrate composition of this Example. 

10 

Oligonucleotides were synthesized and purified as outlined in Example 1, Section 6.3. 
Water was HPLC-grade firom Burdick and Jackson (Muskegon, MI). 
1 5 Equipment used to conduct the nuclease detection experiments of this 

Example include a water bath set to 37^C, aerosol-barrier niicropipette tips (RNase-firee), 
micropipetters, disposable cuvettes (RNase-firee) and a cuvette fluorometer (Photon 

20 

Technology International, Monmouth Jet., NJ). 

25 

7.3. Nuclease Assay 

30 

Nuclease assays were conducted using the method of the invention. SEQ ID NO:2 
and SEQ ID NO:3 oligonucleotides were individually mixed in IX Assay Buffer at a 
35 concentration of 50 nM (150 pmoles oligonucleotide in 3 mis volume). Test nucleases were 
added to respective Assay Mixes, either 6 units of DNase 1 or 1 ug of RNase A. Negative 
Control reactions did not receive nuclease. Assays were set up directly in cuvettes as 
follows: 

Table 4: Components of Assay Mixtures. Example 2. 



Item 


Amount 


Final 


Substrate 


3 ul (50 pmoles/ul) 


50 nM 




30. 





5 



lOX Assay Buffer 


300 ul 


IX 


Water 


1.7 ml 




Nuclease: 


3 ul (6 units) 


2 units/ml 


DNase I 


1 ul (1 ug) 


0.33 ug/ml 


RNase A 




i 


Final Volume 




3 mis 



Assay Mixes were incubated at 37°C for 1 hour. Fluorescence emission spectra were 
measured using a PTI fluorometer with 490 nm excitation. Results are shown in Figure 3. 
Substrate SEQ ID NO:2 (having chimeric RNA~DNA composition) reacted with both 
DNase I (imdesired) and RNase A (desired). Substrate SEQ ID NO:3 (containing RNA- 
2'OMe-RNA and no DNA) did not react with DNase I but retained reactivity with RNase 
A, verifying that Substrate compositions of the invention are RNase specific. 

30 

8. EXAMPLE 3. REACTION SPECIFICITY: DETECTION 
OF VARIOUS RIBONUCLEASE ENZYMES 

2^ 8.1. Introduction 

It is desirable that Substrate(s) used in a ribonuclease QC assay be sensitive to a 
broad range of ribonuclease activities. The present example demonstrates that a single 
Substrate can be designed that detects multiple ribonuclease enzymes. 

8.2. Materials and Reagents 

Reagents used to conduct the nuclease degradation experiments of this Example 
include a Substrate oligonucleotide, enzymes, nuclease-fi-ee water, and Buffer. The 
Substrate oligonucleotides employed was: 



15 



20 



25 
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SEQIDNO:30: 5' Fluorescein-AauggcA-QSY-7 3' 

Where: u = uridine, a = adenosine, g = guanosine, c = cytosine (RNA), and A = 2'-0- 
5 methyl adenosine (2'-0-methyl RNA). Substrate SEQ ID NO:30 is the preferred Substrate 
of the invention as defined in Example 6. 

Equipment used to conduct the nuclease detection experiments of this 

10 

Example include a water bath set to 37*'C, aerosol-barrier micropipette tips (RNase-firee), 
micropipetters, disposable cuvettes (RNase-firee) and a fluorometer (Photon Technology 
15 International, Monmouth Jet., NJ). 

8,3. Nuclease Assay 

20 

Nuclease assays were conducted using the method of the invention. The 
Substrate (SEQ ID NO:30) was mixed in IX Assay Buffer at a concentration of 50 nM (150 
25 pmoles oligonucleotide in 3 mis volume). Test nucleases were added to respective Assay 
Mixes, including 1 ul of RNase A (1 ug), 1 ul of RNase 1 (100 units), or 1 ul of RNase Tl 
(1000 units). Negative Control reactions did not receive nuclease. Assays were set up 

30 

directly in cuvettes as follows: 
35 Table 5: Components of Assay Mixtures^ Example 3. 



Item 


Amount 


Final 


Substrate 

lOX Assay Buffer 

Water 

Nuclease: 


3 ul (50 pmoles/ul) 
300 ul 
2.7 ml 


50 nM 
IX 


RNase A 


1 ul (1 ug) 


0.33 ug/ml 


RNase 1 


1 ul (100 units) 


33 units/ml 


RNase Tl 


1 ul (1000 units) 


333 imits/ml 
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I Final Volmne | | 3 mis | 

Assay Mixes were incubated at 37°C for 1 hour. Assays were transferred to 
cuvettes and fluorescence emission at 520 nm was measured using a PTI fluorometer with 

5 

490 nm excitation. Results are shown in Figure 4. Substrate SEQ ID NO:30, a preferred 
Substrate of the invention, reacted with (i.e., detected) all three RNase enzymes, verifying 
10 that Substrate compositions of the invention are sensitive to a variety of RNase enzymes. 

9. EXAMPLE 4. IMPROVED ASSAY SENSITIVITY 
15 WITH ADDITION OF BUFFER 

9.1. Introduction 

The Assay uses a synthetic oligonucleotide Substrate to test samples for the 

20 

presence of ribonuclease enzymes. Enzymatic cleavage of the Substrate by a ribonuclease 
results in a detectable change in the Substrate. Assay conditions can influence enzyme 
25 activity and therefore influence Assay sensitivity. Most ribonuclease enzymes have a pH 
optimum between 6.0 and 7.5. Some require the presence of divalent cations for maximal 
activity. Fluorescein (the reporter group employed in a preferred Substrate of the invention) 

30 

has optimal fluorescence activity at pH 7 or above. Not all test samples will have a 
composition that is optimal to assay for the presence of ribonuclease enzyme activity. 
35 Therefore, the method of the invention prcivides for an Assay Buffer that can optionally be 
added to the Assay Mix, which can improve Assay sensitivity with some test samples. 

9.2. Materials and Reagents 

Reagents used to conduct the ribonuclease detection experiments of this 
Example include a Substrate oligonucleotide, nuclease-free water. Buffer, and test sample. 
The Substrate oligonucleotide employed was: 

SEQIDNO:30:5' Fluorescein-AauggcA-QSY-7 3' 
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Where: u = uridine, a = adenosine, g = guanosine, c = cytosine (RNA), and A = 2*-0- 
methyl adenosine (2'-0-methyl RNA). Substrate SEQ ID NO:30 is a preferred Substrate of 
5 the invention as defined in Example 6. The Substrate was synthesized and purified as 
outUned in Example 1, Section 6.3. RNase-free water was obtained from Burdick and 
Jackson (Muskegon, MI). Assay Buffer was described in Example 1, section 6.2 above. 

10 

The test sample was water obtained from a mumcipal water supply (i.e., tapwater, 
Coralville, Iowa). 

15 Equipment used to conduct the Assay include aerosol-barrier micropipette 

tips (RNase-free), micropipetters, thin-walled, UV transparent microtubes (RNase-free), a 
UV light source (Electronic Dual-Ligjit™ Transilluminator, Ultra Lum, Carson, CA), and a 

20 

digital camera (MVC-FD91, Sony Corp., Japan). 

25 9.3. Ribonuclease Assay on an Environmental Sample 

Nuclease assays were conducted using the method of the invention. 
Dilutions of the test sample (tapwater) were made in nuclease-free water both with and 

30 

without the addition of Assay Buffer. Samples were tested having 100%, 50%, 25%, 10%, 
5%, and 1% tapwater. Assay Mixes contained test sample (diluted or undiluted tapwater) 
35 and Substrate (SEQ ID NO:30) at a concentration of 500 nM (50 pmoles ODN in 1 00 ul 
volume). Control Assay Mixes were in nuclease-free water without added tapwater. 
Duplicate Assays were performed with and without IX Assay Buffer. Assay Mixes were 
incubated at room temperature for 10 minutes. Reactions were visually examined for 
fluorescence emission in the assay tubes without fruther manipulation. Tubes were 
suspended above an ultraviolet light source, visually inspected, and photographed using a 
digital camera. Results are shown in Figure 5. The control reactions (without tapwater) 
appeared visually transparent (dark). The test samples (with tapwater) emitted fluorescent 
signal. With Assay Buffer, tapwater was detectable when diluted to as little as 10 parts-per- 
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thousand (1%). Without Assay Buffer, the assay was less sensitive and fluorescent 
emission was less intense. Addition of Buffer thus led to improved assay sensitivity. 

5 10. EXAMPLE 5. TIME COURSE OF THE ASSAY 

10.1. Introduction 

Ribonucleases are catalytic and cleavage proceeds over time. High 

10 

concentrations of nuclease will rapidly cleave the Substrate. Low concentrations of 
nuclease will cleave the Substrate gradually over time. Extended incubation should 
15 therefore increase sensitivity of the Assay as measured at the endpoint. Extended 

incubation will only increase Assay sensitivity, however, if background (i.e., hydrolysis of 
the Substrate) remains low. Assay kinetics were examined. Assay backgroimd was found to 

20 

remain stable over time and Assay sensitivity increased with incubation. 

25 10.2. Materials and Reagents 

Reagents used to conduct the ribonuclease detection experiments of this 
Example include a Substrate oligonucleotide, nuclease-firee water, Buffer, and ribonuclease. 

30 

The Substrate oligonucleotide employed was: 

35 SEQIDNO:30: 5' Fluorescein-AauggcA-QSY-7 3', 

the preferred Substrate of the invention. Similar equipment was used as in previous 
Examples. 

10.3. Measurements of the Assay during Real Time 

Substrate SEQ ID NO:30 was mixed in IX Assay Buffer at a concentration 
of 50 nM (150 pmoles oligonucleotide in 3 mis volume). RNase A was added at final 
concentrations of 10 ng/ml, 2 ng/ml, 1 ng/ml, and 0.4 ng/ml. The Control reaction did not 
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receive any added ribonuclease. Assay mixes were incubated at 37°C in a cuvette directly 
in a PTI fluorometer. Fluorescence emission at 520 nm with 490 nm excitation was 
measured over time. Results are shown in Figure 6. At high nuclease concentrations, the 
5 reaction goes rapidly to completion. At lower nuclease concentrations, the reaction rate 
decreases but with longer incubation times an easily detectable signal is generated. 
Substrate concentration is fixed and input enzyme (i.e., the test sample) varies. Since the 

10 

background is stable (monitored in the control reaction), use of extended incubation periods 
will increase the sensitivity of the assay. 
1 5 The method of the invention provides a visual Assay, which is both rapid 

and simple. The Assay is also compatible with quantitative analysis if fluorometric 
detection is employed. Samples containing large amounts of RNase activity may require 

20 

dilution to obtain quantitative results. Samples containing very low amounts of RNase 
activity can be assayed with extended incubation. 

25 

11. EXAMPLE 6. SUBSTRATE OPTIMIZATION 

11.1. Introduction 

30 

Some ribonuclease enzymes are sequence non-specific while others are 
sequence specific. Reaction specificity and rate can both be influenced by Substrate 
35 sequence. An ideal Substrate will be cleaved by a broad spectrum of ribonucleases. A 
variety of Substrates were designed, synthesized, and tested to determine the relative effect 
that sequence and other design elements have on Assay sensitivity. Sequence motifs that 
increase sensitivity to RNase Tl were defined. A preferred Substrate was identified. 

11.2. Materials and Reagents 

Reagents used to conduct the nuclease degradation experiments of this 
Example include 28 Substrate oligonucleotides. Equipment used was similar to previous 
Examples. 
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10 



Twenty-eight Substrate oligonucleotides having "dark quencher" groups at 
the 3 '-end were synthesized and tested, including: 

SEQIDNO:3:5' Fluorescein-AAuAA-Dabcvl 3' 

SEQIDNO:4:5' Fluorescein-AAgAA-Dabcyl 3' 

SEQIDNO:5:5' Fluorescein-AAcAA-Dabcvl 3' 

SEQIDNO:6:5' Fluorescein-AAaAA-Dabcvl 3' 

SEQIDNO:7:5' Fluorescein-AguAA-Dabcyl 3' 

15 SEQIDNO:8:5' Fluorescein-AacAA-Dabcyl 3' 

SEQIDNO:9:5' Fluorescein-AgaAA-Dabcyl 3' 
SEQBDNOrlO: 5' Fluorescein-AgucAA-Dabcyl 3' 

20 

SEQIDNOill: 5' Fluorescein-AgcuAA-Dabcyl 3' 
SEQIDNO:12: 5' Fluorescein-AcgaA-Dabcyl 3' 
25 SEQIDNO:13: 5' Fluorescein-AcgcA-Dabcyl 3' 

SEQIDNO:14: 5* Fluorescein- AcggA-Dabcyl 3' 
SEQIDNO:15: 5* Fluorescein-AcguA-Dabcyl 3' 

30 

SEQIDNO:16: 5' Fluorescein-AuagA-Dabcyl 3' 
SEQIDNO:17: 5' Fluorescein-AcuaA-Dabcyl 3' 
35 SEQIDNO:18: 5' Fluorescein-ucgaA-Dabcyl 3' 

SEQIDNO:19: 5' Fluorescein-AucgaA-Dabcyl 3' 
SEQIDNO:20: 5' Fluorescein-cugaA-Dabcyl 3' 
SEQIDNO:21: 5' Fluorescein- AcugaA-Dabcyl 3' 
SEQIDNO:22: 5' Fluorescein-AgcuaA-Dabcyl 3' 
SEQIDNO:23: 5' Fluorescein-AgucaA-Dabcyl 3' 
SEQIDNO:24: 5' Fluorescein-AagucA-Dabcyl 3' 
SEQIDNO:25: 5' Fluorescein-AgcuaA-QSY-7 3' 
SEQIDNO:26: 5' Fluorescein-AgucaA-QSY-? 3' 
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SEQIDNO:27 
SEQ ID NO:28 
SEQ ID NO:29 
SEQIDNO:30 



5' Fluorescein-AagucA-QSY-7 3' 
5' Fluorescein- AaggucA-QSY-7 3' 
5' Fluorescein-AaugcA-QSY-7 3' 
5' Fluorescein-AauggcA-QSY-7 3' 



10 



15 



20 



Where: agcu = RNA bases, adenosine, guanosine, cytosine, 

and uridine 

A = 2'-0-methyl RNA base, adenosine 
Dabcyl = 4-(4'-dimethylaniinophenylazo)benzoic acid 
QSY™-7 = diaiybrhodamine (Molecular Probes) 
Fluorescein = 6-FAM, 6-carboxyfluorescein 

Oligonucleotides were synthesized and purified as outlined in Example 1, Section 6.3. 

25 

11.3, Substrate Optimization in Ribonuclease Assays 

Nuclease assays were conducted using the method of the invention with 

30 

both visual and fluorometric detection methods. Substrates were individually mixed in IX 
Assay Buffer at a concentration of 50 nM (50 pmoles oligonucleotide in 1 ml volume) for 
35 fluorometric detection or at a concentration of 500 nM (50 pmoles of oligonucleotide in 100 
ul volume) for visual detection. Test nucleases were added to respective Assay Mixes 
beginning at 1 ul stock reagent and proceeding with a 1 :10 serial dilution until undetectable. 
Reaction mixes were incubated at 3TC for 60 minutes. Fluorometric detection was 
performed as outlined in Example 2. Visual detection was performed as outlined in 
Example 1. 

Different Substrates were examined for reactivity with RNase A, RNase 1, 
and RNase Tl . A Substrate composition that contains all 4 ribonucleotide bases in an 
optimized sequence might be sensitive to most ribonuclease activities and could ftinction as 
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a stand-alone reagent for the Assay. Alternatively, a mix of Substrates could be used (for 
example, wherein one Substrate contains adenosine, one contains guanosine, one contains 
uridine, and one contains cytosine residues). Both possibilities were tested. A single 
5 Substrate that incorporates all 4 bases was foimd to be more sensitive to detecting the 
presence of ribonuclease activity than was a mixture of shorter Substrates. Substrates 
having different base sequence were compared for sensitivity. For the series of Substrates 

10 

studied, sequence was found to significantly influence cleavage rate and ultimate sensitivity 
of the Assay. Sequence dependence for RNase Tl was pronounced with cleavage 
15 preference being 'gg' > 'gc' > *ga' > 'gu'. Of cleavable domains tested that contained a 
'gg' dinucleotide, the triplet motif 'ggc' provided greater sensitivity than 'ggu'. Substrate 
SEQ ID NO:30 was most active with the RNase enzymes tested and was chosen as the 

20 

preferred Substrate of the invention. 

Results of Substrate activity testing using the visual detection methods for 
25 RNase A are summarized in Table 6 and for RNase Tl are svunmarized in Table 7. Of 28 
Substrate ODNs tested. Substrate SEQ ID:30, having composition 5'-Fluorescein- 
AauggcA-QSY-7-3', was identified as having the most favorable properties and is offered 

30 

as a preferred Substrate for use in the method of the invention. 

35 
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Table 6: Sensitivity of Different Substrate ODNs to Ribonuclease A. 



Substrate ODN C . ncentration of RNase A 

1 ne/ml 100 pg/ml 10 pe/ml 



SEQ ID NO:3 
SEQ ID NO:4 
SEQ ID NO:5 
SEQ ID NO:6 



SEQ ID NO:7 + 
SEQ ID NO:8 +++ +++ 



SEQ ID NO:9 
SEQ ID NO: 10 
15 SEQ ID NO: 11 



SEQIDNO:12 
SEQ ID NO: 13 

SEQ ED NO: 14 ++ + 

SEQIDNO:15 +++ + 

SEQ ID NO: 16 +++ -H 

SEQIDNO:17 +++ + 



20 



SEQ ID NO:22 
SEQIDNO:23 +++ + 
25 SEQIDNO:24 +++ + 

SEQIDNO:27 +++ ++ + 

++ + 



SEQ ID NO:28 
SEQ ID NO:29 
3Q SEQ ID NO:30 



+++ = maximvim intensity 

35 ++ = moderate intensity 

+ = faint but above background 

= negative (identical to background) 



Table 6: Sensitivity of different Substrate ODNs to Ribonuclease A. A series of Substrate 
ODNs were synthesized and tested for sensitivity to RNase A degradation. Stock enzyme 
was serial diluted to achieve final concentrations of 1 ng/ml, 100 pg/ml, and 10 pg/ml as 
indicated. Reactions were examined for fluorescence emission by visual inspection using 
an ultraviolet (UV) light source for excitation. Results were scored as +++, ++, +, or - 
based on relative signal intensity. 
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Table 7: Sensitivity of Different Substrate ODNs to Ribonuclease Tl 



10 



15 



20 



25 



Substrate ODN Concentration of RNase Tl 

10'^ units/ml 10"^ units/ml 10"^ units/ml 



SEQIDNO:3 


- 


- 


SEQ ID NO:4 


+ 


- 


SEQ ID NO:5 


- 


- 


SEQ ID NO:6 


- 


- 


SEQBDNO:? 


+ 


- 


SEQIDNO:8 


- 


- 


SEQ ID NO:9 


+ 


+ 


SEQ ID NO: 10 


+ 


- 


SEQIDNOrll 


+ 


- 


SEQ ID NO: 12 


-H-+ 




SEQ ID NO: 13 


+++ 


++ 


SEQ ID NO: 14 


+++ 


+++ 


SEQ ID NO: 15 


+++ 


+ 


SEQ ID NO: 16 


+++ 


+++ 


SEQ ID NO: 17 






SEQIDNO:22 


-H-+ 


+ 


SEQ ID NO:23 


-h-h 




SEQ ID NO:24 


++ 


+ 


SEQ ID NO:27 


-MH- 


++ 


SEQ ID NO:28 


-H-+ 


+++ 


SEQ ID NO:29 


-HH- 


+++ 


SEQ ID NO:30 


++4- 


+++ 



30 -H-+ = maximum intensity 

++ = moderate intensity 

+ = faint but above background 

35 - = negative (identical to background) 

Table 7: Sensitivity of different Substrate ODNs to Ribonuclease TL A 
series of Substrate ODNs were synthesized and tested for sensitivity to RNase Tl 
degradation. Stock enzyme was serial diluted to achieve final concentrations of 0.001 
units/ml, 0.0001 xmits/ml, and 0.00001 units/ml as indicated. Reactions were examined for 
fluorescence emission by visual inspection using an ultraviolet (UV) light source for 
excitation. Results were scored as +++, ++, +, or - based on relative signal intensity. 
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12. EXAMPLE?. ASSAY SENSITIVITY 

12.1. Introduction 

The preferred Substrate SEQ ID n6:30 was tested for sensitivity in detecting 
low levels of ribonuclease enzymes using the method of the invention. Both visual and 
5 fluorometric detection protocols were examined. 

12.2. Materials and Reagents 

Reagents used to conduct the nuclease degradation experiments of this 
Example include a Substrate oligonucleotide SEQ ID NO:30. Other equipment and 
reagents were similar to those used in prior Examples. 

12.3. Sensitivity of the Visual Detection Method 

It is commonly accepted that fluorometry provides for high sensitivity. To 
be useful, the visual method must also offer high sensitivity. Assays were conducted using 

20 the method of the invention with visual detection. Substrate SEQ ID NO:30 was mixed in 
IX Assay Buffer at a concentration of 500 nM (50 pmoles ODN in 100 ul volume) in thin- 
walled, UV transparent tubes. Negative Control reactions did not receive nuclease. 

2^ Dilutions of stock RNase A, RNase 1, and RNase Tl were made in water. Undiluted and 
diluted nuclease (1 ul) was added to respective 100 ul Assay Mixes resulting in final 
dilution factors of 10"^ 10'^, 10"*, 10 ^ 10 ^ and 10 Assays were incubated at room 
temperature for 10 minutes and visually examined for fluorescence emission with UV 

30 

excitation. Results were recorded using digital photography and are shown in Figure 7. 
The presence of RNase enzyme activity was clearly detectable by visual examination at all 
concentrations tested, demonstrating the utility of this assay format. The experiment took 
35 about 30 minutes to perform, including 15 minutes to set-up serial dilutions, 10 minutes 
incubation, and 5 minutes to visualize and photograph. Thus the method of the invention 
allows for a rapid, simple, and convenient visual assay for the presence of ribonuclease 
activity. Assay sensitivity was in the range needed for an RNase QC assay and, 
surprisingly, was comparable to that obtained using a fluorometer for detection, as outlined 
below. 

12.4. Sensitivitv of the Fluorometric Detection Methods 

Assays were conducted using the method of the invention with fluorometric 
detection. Substrate SEQ ID NO:30 was mixed in IX Assay Buffer at a concentration of 50 
nM (50 pmoles ODN in 1.0 ml volume) in RNase-free disposable cuvettes. Negative 
Control reactions did not receive nuclease. Dilutions of stock RNase A, RNase 1, and 
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RNase Tl were made in water. Undiluted and diluted nuclease (1 ul) was added to 
respective 1.0 ml Assay Mixes resulting in final dilution factors of 10'^, 10"^, 10*^, 10 ^ 10'^, 
10**, and 10'^. Assays were incubated at 37°C for 1 hour and examined for fluorescence 
emission at 520 nm using 490 nm excitation in a PTI fluorometer. Results are sununarized 
5 below. Final enzyme concentration reported notes the lowest concentration tested that was 
reproducibly positive with a signalrnoise ratio of at least 2:1. 

Table 8: Sensitivity of the RNase Assay using Fluorometric Detection 



15 



Nuclease 


Dilution Factor 


Enzyme Concentration 


RNase A 




lOpg/ml 


RNase Tl 




0.00001 units/ml 


RNase 1 


10' 


0.00001 units/ml 



Thus the fluorometric method of the invention allows for a highly sensitive assay for the 
20 presence of ribonuclease activity. If needed, sensitivity can be increased by extending 
incubation time. 



^ ^ 13. EXAMPLE 8. PRACTICAL LABORATORY 
^ APPLICATION OF THE ASSAY 

13.1. Introduction 

The method of the invention is intended for use as a QC assay to detect the 
30 presence of ribonuclease enzyme activity in laboratory reagents. Many commercial enzyme 
preparations are marketed as being "RNase Free". A series of enzymes from commercial 
sources were tested for ribonuclease activity using the preferred Substrate with the visual 
25 detection method to ascertain whether such claims were valid or if these commercial 
preparations were actually contaminated with detectable levels of ribonuclease activity. 

13.2. Materials and Reagents 

Reagents used to conduct the nuclease degradation experiments of this 
Example include Substrate oligonucleotide SEQ ID NO:30. Equipment and other reagents 
were similar to those used in earlier Examples. 

13.3. Ribonuclease Assay on Commercial Enzyme Samples 
Enzymes were obtained from New England Biolabs (NEB) or Ambion as 

indicated. Test sample (10 ul) was mixed with IX buffer (90 ul) for a final volume of 100 
ul with 50 pmoles of Substrate SEQ ID NO:30 in 0.5 ml RNase-free microtubes. Assay 
Mixes were incubated 60 minutes at 37**C and visually examined under UV excitation for 
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fluorescence emission. After scoring for results, 1 ul (1 ug) of RNase A was added to each 
tube. The Assay was incubated an additional 5 minutes at 3TC and re-scored. The addition 
of RNase A represents a control for the absence of an Assay inhibitor and validates negative 
results. The "plus RNase A" control was omitted whenever the primary assay was already 
5 positive. Results are summarized in Table 9. Of the 23 laboratory reagents tested, one 
sample (DNA restriction endonuclease Xho I) was identified that was contaminated with 
RNase activity. 

The Assay proved to be both rapid and easy to perform in this application. 
Further, a contaminated reagent was identified firom a commercial source that, if used in an 
experiment involving RNA, could have resulted in a compromised experiment due to RNA 
degradation. Using the method of the invention, routine testing of laboratory reagents can 
easily be done to ensure that a suitable RNase-firee environment is present whenever ? 
working with RNA. 

20 



25 



30 



35 
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Table 9: RNase Testing of Commercially Obtained Reagents. 



5 



10 



20 



25 



Enzyme 


Source 


Assay 


+ RNase A 


Sold as being 






Results 


Control 


RNase-Free ? 


RNase A 


Ambion 


-H-+ 


ND 


No 


RNase Tl 


Ambion 


-HH- 


ND 


No 


RNase 1 


Ambion 




ND 


No 


Mung Bean Nuclease 


Ambion 


+ 


ND 


No 


SI Nuclease 


Ambion 


+++ 


ND 


No 


DNase I 


Ambion 


- 


+++ 


Yes 


Super Taq 


Ambion 


- 


+++ 


Yes 


T7 RNA Polymerase 


Ambion 


- 


H-h+ 


. Yes 


Klenow DNA Polymerase 


Ambion 


- 


++♦• 


Yes 


T4 DNA Ligase 


Ambion 


- 


1 1 1 


Yes 


Proteinase K 


Ambion 




1 1 1 


Yes 


T4 Polynucleotide Kinase 


Ambion 


- 


-H-+ 


Yes 


Nuclease free water 


Ambion 


- 


-HH" 


Yes 


Bam HI 


NEB 


- 


+-H- 


Yes 


Hind III 


NEB 


- 


H-H- 


Yes 


Kpnl 


NEB 




-f-M- 


Yes 


Msp I 


NEB 






Yes 


Ncol 


NEB 






Yes 


Ndel 


NEB 






Yes 


Sad 


NEB 






Yes 


Sail 


NEB 






Yes 


Xbal 


NEB 






Yes 


Xhol 


NEB 




ND 


Yes 



-H-+ = maximum intensity 

++ = moderate intensity 

+ = faint but above background 

= negative (identical to backgroimd) 

Table 9: RNase testing of commercially available reagents. A series of 
commercially available reagents were diluted 1:10 with Assay Buffer to a final volume of 
100 ul. An RNase detection assay was performed using the method of the invention with 
Substrate oligonucleotide SEQ ID NO:30. Reactions were examined for fluorescence 
emission by visual inspection using an ultraviolet (XJV) light source for excitation. Results 
were scored as -mh-, ++, +, or - based on relative signal intensity. As a control, RNase A (1 
ug) was added to negative reactions and the Assay was re-scored. ND = not done. 
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